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Abstract. The goal of this paper is to present a methodology
to calibrate the reﬂectivity of the UHF Strato-Tropospheric
(ST) radar located at NAIC in Puerto Rico. The UHF
lower relevant altitude is at 5.9km, the melting layer being
at around 4.8km. The data used for the calibration came
from the observations of clouds, carried out with Strato-
Tropospheric dual-wavelength (UHF and VHF) radars and a
disdrometer; those instruments being located on the NAIC
site in Arecibo, Puerto Rico. The National Weather Ser-
vice operates other instruments like the radiosondes and the
NexRad Radar in other sites.
The proposed method proceeds in two steps. The ﬁrst
consists of the comparison between the NexRad reﬂectivity
and the reﬂectivity computed from the drop size distributions
measured by the disdrometer for one day with a noticeable
rainfall rate. In spite of the distance of both instruments, the
agreement between the reﬂectivities of both instruments is
enough good to be used as a reference for the UHF ST radar.
The errors relative at each data set is found to be 2.75dB for
the disdrometer and 4dB for the NexRad radar, following the
approach of Hocking et al. (2001). The inadequacy between
the two sampled volume is an important contribution in the
errors.
The second step consists of the comparison between the
NexRad radar reﬂectivity and the UHF non-calibrated reﬂec-
tivity at the 4 altitudes of common observations during one
event on 15 October 1998. Similar features are observed and
a coefﬁcient is deduced. An offset around 4.7dB is observed
and the correlation factor lies between 0.628 and 0.730. Ac-
cording to the errors of the data sets, the precision on the
calibration is of the order of 2dB. This method works only
when there are precipitation hydrometeors above the NAIC
site. However, theresultofthecalibrationcouldbeappliedto
other data obtained during the campaign, the only constraint
being the same value of the transmitter power.
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1 Introduction
Calibration of UHF/VHF wind proﬁlers is essential to obtain
absolute radar reﬂectivities and their variation as a function
of time and meteorological conditions. Reﬂectivity is used
to characterize the turbulence intensity through C2
n, the hy-
drometeors precipitating or non-precipitating. At VHF the
contribution of the sky noise and its diurnal variation could
be used to calibrate ST radars while at UHF the sky noise
contribution is relatively small and is overwhelmed by the
instrument noise (Campistron et al., 2001; Petitdidier et al.,
1997). At UHF when the lowest reliable height is below the
melting layer, precipitation parameters are compared with
the ones measured with ground-based precipitation measure-
ments like a disdrometer (Gage et al., 2000; William et al.,
2000). In case of the UHF wind proﬁler at the National As-
tronomy and Ionospheric Center (NAIC) in Arecibo on the
island of Puerto Rico, the lowest reliable height is above the
melting layer, and then it is not possible to relate the hydrom-
eteor characteristics to precipitation ones measured at ground
level.
The purpose of this work is to present an attempt to cali-
brate indirectly the backscattered signal of a ST UHF radar.
The data concerned by the calibration were taken at NAIC,
in September/October 1998 during a campaign to observe
tropical thunderstorms (Petitdidier et al., 2000). The obser-
vations of several clouds were carried out with the Strato-
Tropospheric dual-wavelength (UHF and VHF) radars, an
electric ﬁeld mill, and a disdrometer, those instruments be-
ing located on the NAIC site. The National Weather Service
has operated other instruments like the rain gauges, radioson-
des and the Doppler weather radar, NexRad. Thus, the data
collected will be used to describe tropical thunderstorms.4026 P. Kafando and M. Petitdidier: Calibration of the UHF strato-tropospheric radar
Theproposedcalibrationapproachcombinesdatafromthe
disdrometer, the NexRad radar and the ST UHF radar. In the
calibration of scanning weather radar, Gage et al. (2000) ex-
tended the disdrometer results to larger scales and to higher
altitudes by means of a vertically directed UHF wind proﬁler.
In our situation, the approach to calibrate the ST UHF radar
must be different and the method consists of using the re-
ﬂectivity computed from the drop-size distribution measure-
ments by the disdrometer, to calibrate the reﬂectivity of the
weather Doppler radar, NexRad, which, in turn, is used to
calibrate the ST UHF reﬂectivity. Thus, it is vital that the
initial relation, upon which this sequence of calibrations is
based, be as accurate as possible.
This paper describes the calibration of the ST UHF radar
byusingtheNexRadradarlocatedinCayey(PuertoRico). In
the ﬁrst part of the paper, the simultaneous measurements are
selected and the data obtained by the different instruments
presented. The second part addresses the NexRad calibra-
tion. In order to avoid any assumption for the Z−R relation-
ship that it is highly variable during one event, reﬂectivities
are compared. The third part concerns the UHF ST radar cal-
ibration. The comparison between the reﬂectivity observed
by the UHF radar and the NexRad radar is carried out. As
the attenuation of the UHF backscattered signal varies as a
function of time, to avoid the receiver saturation the gain dur-
ing the different periods has to be evaluated using the noise
power spectral density. Then the backscattered signal is cor-
rected by this factor and the comparison is done in the com-
mon range.
2 Data
2.1 Description (disdrometer, NexRad, UHF/VHF wind
proﬁlers)
During the whole campaign, outside the period of the hurri-
cane Georges’ passage, there were 18 days out of 29 when
the disdrometer detected rain but only 7 days with a rain
amount larger than 10mm. The Doppler weather radar,
NexRad, datawereavailableonlyforafewdays(10common
periods with the ST radar observations out of 18) during the
campaign. As a consequence, simultaneous measurements of
disdrometer, ST UHF radar and NexRad Radar occurred only
on 3 days, 18 and 30 September and 15 October, out of 7 no-
ticeable rainfall events. Among these 3 days, on 30 Septem-
ber only the VHF radar was working, on 18 September the
rainy period occurred before the ST UHF observations, so
only on 15 October, we have simultaneous UHF and NexRad
radar data.
2.1.1 Disdrometer
The data were collected with a Disdromet Joss-Waldvogel
disdrometer (Joss and Waldvogel, 1967). One-minute sam-
ples of drop-size-distribution (DSD) were collected for 29
days from 15 September to 16 October, 1998. Rain was ob-
served on 18 days, and the total number of DSDs equals 1298
Table 1. Geographical coordinates of the different instruments.
Latitude Longitude Altitude (m)
NexRad 18◦ 6.940N 66◦ 4.680W 881.5
Disdrometer 18◦ 20.850N 66◦ 45.250W 364.24
UHF Proﬁler 18◦ 20.610N 66◦ 45.180W 230
samples. Ulbrich et al. (1999) carried out a ﬁrst analysis of
the disdrometer data, obtained during the campaign.
The JWD records the number of raindrops, ndi, of diame-
ter Di, in each of its 20 diameter channels, for a 1-min sam-
pling period. The DSD, N(Di), expressed in m−3 mm−1, is
computed from these counts ndi by using:
N(Di) =
ndi
S ∗ dt ∗ v(Di) ∗ ddi
, (1)
where the measuring area, S, is equal to 0.0050m2; dt is the
sampling period equal to 60 s; Di is the mean diameter (mm)
for the ith channel, ddi is the ith channel width (mm); v(Di)
is the fall speed in still air of a drop of diameter Di, expressed
in m s−1.
From the DSD, the rainfall rate and the radar reﬂectivity
are deduced:
R = 6π×10−4π
Z ∞
0
v(D) D3 N(D)dD (2)
where R is expressed in mm/h; v(D) in m/s, D and dD in mm,
and N(D) in m−3mm−1.
Z =
∞ Z
0
D6N(D)dD , (3)
where Z, the equivalent reﬂectivity, is expressed in mm6m−3
with N(D) in m−3mm−1 and D, dD in mm.
The drawback of the instrument occurs during strong
rains. The impact of large drops causes such a strong in-
ternal noise response that the signal due to any small drop
arriving during the ensuing few milliseconds – the dead time
– is not detectable (e.g. Sauvageot et Lacaux, 1995). Ap-
plying the dead time correction proposed by the manufac-
turer has the effect of increasing the numbers of small drops,
mainly where the many large drops are present, i.e. at high
rain rates. The correction is not perfect, however, because,
due to its multiplicative nature, it is not able to create drops
in bins where none have been detected;
nd∗
j = ndj exp

0.035
dt
Xk=20
k=j−1 ndk ln

Dk
0.85(Dj − 0.25)

(4)
Higher order moments of the raindrop size distribution –
such as rain rate and reﬂectivity, which are less dependent
on the numbers of small drops – are going to be less affected
than lower order moments, such as drop concentration, mean
diameter (Uijlenhoet et al., 2002).P. Kafando and M. Petitdidier: Calibration of the UHF strato-tropospheric radar 4027
Table 2. For an horizontal distance of 76km from the NexRad radar, in the vertical direction above the NAIC site and as a function of the
VCP11 elevation: H: Height of the central beam above NAIC, Z (MSL): altitude of the NexRad central beam above the NAIC site, taking
into account the NexRad altitude, BW (km) the vertical size of the beamwidth, DZ (km) the distance between two consecutive central beams.
VCP11 0.4 1.45 2.40 3.35 4.30 5.25 6.2 7.5 8.7 10 12 14 16.7 19.5
H km 0.53 1.92 3.18 4.45 5.71 6.98 8.26 10.01 11.63 13.40 16.15 18.95 22.80 26.9
Z km 1.41 2.80 4.07 5.33 6.59 7.86 9.14 10.89 12.511 13.40 17.04 19.83 23.68 27.8
BW km 1.33 1.33 1.33 1.33 1.33 1.34 1.34 1.35 1.36 1.37 1.39 1.41 1.44 1.49
DZ km 0 1.39 1.26 1.26 1.26 1.27 1.27 1.75 1.62 1.77 2.75 2.79 3.85 4.11
Table 3. Mean values of the distance and azimuth between the
NexRad radar et and the other instruments, disdrometer and UHF
radar.
Distance NexRad- Azimuth
Instrument
Disdrometer (15 October) 76km 290◦.
Radar UHF 75.7km 289.7◦
2.1.2 NexRad radar
The Doppler weather radar, NexRad, is installed atop Cerro
Baldios, around 8.15km east of the city of Cayey, in the
southwestern part of the island. Its geographical coordi-
nates are in Table 1. The WSR-88D units are powerful
10cm-wavelength radars with approximately 1◦ beamwidth
by 250-m range resolution, and a volume scan sampling pe-
riod of 5 or 6min, according to the mode selected (Crum et
al., 1993). According to the weather conditions, a speciﬁc
scanning mode is selected. On 15 October, the precipitation
mode selected was VCP11 that consists of volume scans at
14 elevations from 0.4◦ to 19.5◦ (Table 2). The scanning time
period is 5min with a pulse length of 1.57µs. The discrete
values of the elevations provide a relatively poor vertical res-
olution from 1.26km to 1.76km for the elevation lower than
12◦; for upper elevations the vertical resolution goes from
2.8 to 4km (Table 2). Above an elevation of 6.2◦ there are
altitude gaps between the different beams. The beamwidth
varies from 1.33km for elevations of 0.4◦ to 4.3◦, to 1.49km
for an elevation of 19.5◦.
The radar reﬂectivity factor Z (mm6 m−3) is related to the
size distribution of the raindrops in the radar sample volume
according to:
Z =
Z ∞
0
D6N(D)dD . (5)
2.1.3 UHF ST radar
During this experiment the measurements were carried out
simultaneously at UHF (430MHz) and VHF (46.8MHz)
with a 2-µs pulse, the inter-pulse period (IPP) being 1ms.
The ﬁrst 50 gates are consecutive and their sampling starts
at 40µs; the last ten gates correspond to internal calibration
the sampling of this group starting at 900µs. The in-phase
and in-quadrature data are recorded without any coherent in-
tegration. The UHF radar operated in the near ﬁeld. The
three-decibel beam radius was 0.085◦. The beam may be
considered as a 300m-diameter cylinder (Farley, 1983).
The relationship to compute the mean height of the ﬁrst
sample or gate takes into account the zenith angle, and vari-
ous delays (Cho, private communication, 1994). In UHF, the
lowest reliable gate was at 5.9km, an altitude that does not
allow observation of the melting level, which, in the tropics,
is typically around 4–4.5km. During the observations, in or-
der not to saturate the receiver, different attenuations were
included. The variation, as a function of time, of the noise
power spectral density points out such attenuation changes.
2.2 Location of the instruments, distance and azimuth rela-
tive to the NexRad radar
First, from the latitude and longitude of each instrument (see
Table 1), using different geoids we calculate the distance
and the azimuth of the disdrometer relatively to the NexRad
radar. The difference among the estimates was very small.
Table 3 provides the values of the ﬁnal distances and az-
imuths.
Table 2 gives the height above the NexRad radar and the
altitude (MSL) of the central beam at 76km, location of
the disdrometer and the UHF ST radar, as a function of the
NexRad elevation angle. The NexRad beamwidth in the ver-
tical direction, expressed in km, is also given in Table 2.
The main drawback of this calibration is the distance be-
tween both instruments.
3 Meteorological situation
Only on 15 October UHF measurements were observed at
the same time when the thunderstorm occurred. Figure 1
presents the variation of the NexRad reﬂectivity for an ele-
vation of 0.4◦ at different times. We observed the different
phases of the cloud activity, located in the northwest quad-
rant of the island with the NexRad radar being located in the
southwestern part. At 18:30 UT the cloud was at the limit
of the NAIC site, noted by a star. Then it expands and the
NAIC site is inside the cloud formation. At 20:43 UT its4028 P. Kafando and M. Petitdidier: Calibration of the UHF strato-tropospheric radar
Fig. 1. Horizontal display of the NexRad reﬂectivity (dBZ) in color scale at an elevation of 0.4◦ observed in the northwest quadrant at
different lifetimes of the clouds.
decay is observed. The high reﬂectivity spots are relatively
small, then they may be close to the NAIC site but not above.
Figure 2 presents the variation of the rainfall rate, R, the
mass weighted mean diameter, Dm, and the reﬂectivity, Z.
There is a period of intense convective activity with rainfall
rate attaining 150mm/hr. The shape of the cloud formation
and its time evolution as seen by NexRad explains the time
variation of the rainfall rate and reﬂectivity retrieved from
the disdrometer data with the high reﬂectivity spot moving
close by the NAIC site. After 19:35 until 20:15 the continu-
ous decrease of R, Z and Dm is characteristic of a stratiform
stage. Then the reﬂectivity, rain fall rate and mean diame-
ter increase. At 21:00 it is the end of the precipitation that
corresponds to the cloud activity decay observed at 20:43.
Figure 3 presents the variation of the UHF reﬂectivity
expressed in relative dB, and the hydrometeor velocity ob-
served in the vertical beam. The wind ﬁeld above the melt-
ing layer is dominated by upward motion. An alternation of
upward and downward motions is observed between 10 and
12km with a period approximately 15min. After 20:45 UT
the reﬂectivity decreases above 9km related to the decay of
the cloudy activity. The reﬂectivity presents large variation
due to the change of attenuation that was applied in order not
to saturate the receiver. It is difﬁcult to relate the UHF ob-
servations to the condition at the ground level. Due to wind
shears the ﬂanks of the “tower” are bent and then the top is
not actually at the vertical of the base. The ST radars provide
a cut of the cloud part passing over them.
The meteorological situation is complex due to the dif-
ferent stages of the cloud, convective and stratiform activ-
ity. The types of precipitation and hydrometeor are different
from the convective stage to the stratiform one and during the
decay.
4 NexRad calibration
4.1 Comparison with the disdrometer
The ﬁrst step is to compare the NexRad reﬂectivity with
the reﬂectivity deduced from disdrometer data. Ulbrich and
Lee (1999) found a case of a systematic offset in NexRadP. Kafando and M. Petitdidier: Calibration of the UHF strato-tropospheric radar 4029
Fig. 2. Time evolution of rainfall rate, R, and mass weighted mean diameter, Dm, and reﬂectivity, on 15 October 1998 between 18:20 and
21:00 UT.
Fig. 3. UHF Strato-tropospheric radar: the lower plot represents the relative reﬂectivity in color scale (relative dB) as a function of altitude
and time; the upper plot represents the Doppler velocity in the vertical beam in color scale (m/s) as a function of altitude and time; positive
values correspond to upward motion.4030 P. Kafando and M. Petitdidier: Calibration of the UHF strato-tropospheric radar
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Fig. 4. Sketch to represent relative locations of the disdrometer and
the NexRad radar beam.
Fig. 5. (a) Time variation of the disdrometer and NexRad radar re-
ﬂectivities on 15 October 1998: Solid line and diamond: reﬂectivity
computed by using drop size distribution measured by the disdrom-
eter. Star: Reﬂectivity measured by the NexRad radar. (b) NexRad
reﬂectivity as a function of the disdrometer reﬂectivity.
radar constant around −5.4dB and noticed that it occurs with
other NexRad radars. Previous encouraging tests were car-
ried out by comparing the rainfall rate retrieved from this
NexRad radar in Puerto Rico with the measurements of the
rain gauge network (Brice˜ no, 2002). For this comparison a
relation between the radar reﬂectivity factor and the rainfall
rate is assumed and is dependent on the type of rain. Then
a comparison of the radar reﬂectivity with reﬂectivity com-
puted from disdrometer data avoids that assumption.
Figure 4 provides a schema of the position and width
of the NexRad beam just above the disdrometer; the radar
beamwidth covers about 1.33km in altitude. The selected
NexRad data are chosen at the lowest elevation 0.4◦. Since
the radar sampling (elevation, and azimuth) may vary from
scan to scan, in order to avoid interpolation, the NexRad
data located above the disdrometer are searched in the fol-
lowing azimuth area, 290◦±0.5◦ and range distance area
76km±0.3km.
From Eq. (3), the reﬂectivity is deduced for 15 October.
Figure 5a presents the time variation of the disdrometer re-
ﬂectivity, Zd, superimposed and the values of the NexRad
reﬂectivity, Znx, are indicated by a star.
The NexRad beamwidth intercepts a range of 1.33km
around a mean altitude of 1.4km MSL or 1.046m above the
disdrometer site. Due to the height difference between the
disdrometer and the central beam axis above the disdrometer,
i.e. 1046m, the time delay between the precipitation located
in the NexRad beam and the observed one, by the disdrom-
eter, is ﬁxed from 2 to 3min, according to the mean drop
size. Gage et al. (2000) found a difference of about 2min
between the UHF reﬂectivity at 327m and the disdrometer
one. The time delay cannot be precise, as the precipitation is
not distributed homogenously vertically inside the beam, and
the beamwidth and the central beam distance to the disdrom-
eter are very large. On 15 October, no signiﬁcant difference
is pointed out between the computed reﬂectivity and the ob-
served one, by the radar, in the event observed. No system-
atic offset is observed like Ulbrich and Lee (1999) did.
The coefﬁcients of the relation, Znx as a function of Zd,
can be obtained by applying a linear regression to the (Zd,
Znx) points, Zd being the disdrometer reﬂectivity and Znx
the NexRad reﬂectivity. In particular, we apply a robust, least
absolute deviation method (Press et al., 1986), which mini-
mizes the mean absolute deviation, i.e.,
M =
n X
1
|Znx − a − bZd|. (6)
In our case we obtain:
Znx = 0.977Zd . (7)
With M, the mean absolute deviation for each data-point
in the Znx direction, is equal to 1.63dB.
In order to take into account the uncertainties in the dis-
drometer and NexRad measurements, we follow the ap-
proach given by Hocking et al. (2001). Then from this
method we determine a relation between go, the correlation
factor between Znx and Zd, and the σZd and σZnx variables
that reﬂect not only the intrinsic measurements errors of each
instrument, but also contain information about the difference
between the two techniques. In this case we obtain:
0.977 ≤ go ≤ 1.05, (8)P. Kafando and M. Petitdidier: Calibration of the UHF strato-tropospheric radar 4031
Fig. 6. Variation of the UHF noise power spectral density as a function of time at different altitudes, from top to bottom, 10.7km, 12.2km
and 19.7km.
with 0dB ≤ σZd ≤ 4.5dB
and 4.9dB ≥ σZnx ≥ 1.8dB (9)
where 4.9dB, the error for the NexRad is obtained when it
is assumed that there is no error on the disdrometer data; 1.8
corresponds to an error of 4.5dB on the disdrometer data. If
we assume that go is equal to 1, then σZd and σZnx are equal
to 2.75dB and 4dB, respectively. A large part of the errors
is due to the difference in volume sampling and location.
4.2 Conclusion
The equivalent reﬂectivity computed from the disdrometer
drop sizes was considered as a reference for the NexRad
reﬂectivity. From the results obtained while comparing the
NexRad reﬂectivity and the one deduced from the disdrome-
ter data, we can consider that the calibration of the NexRad
radar is quite good, taking into account all the assumptions
due to the meteorological conditions and the setting of both
instruments.
5 UHF ST radar calibration
5.1 Attenuation
The noise power spectral density was computed by using the
“segment” method (Petitdidier et al., 1997). It consists of
dividing the spectrum into equal-length segments and using
the average power from those two segments that have the
lowest average. The number of points in each segment is 16
with a 256-point FFT. This method is faster than the method,
proposed by Hildebrandt and Sekhon (1974), and the under-
estimation bias between the two methods is small if the num-
ber of points averaged is large. Instead of averaging a large
number, N, of consecutive values, with the risk of including
atmospheric or clutter signal, it is better to average 2 values,
each of them an average of N/2 points.
In order not to saturate the receiver, different attenuations
are introduced during the experiment. Their values may be
written into the log but not into the header. Figure 6 presents
the variation of the noise spectral density at different alti-
tudes. At the higher altitude of 19.7km the change in at-
tenuation is clearly observed; these values were taken into4032 P. Kafando and M. Petitdidier: Calibration of the UHF strato-tropospheric radar
Fig. 7. Time evolution of the reﬂectivity of UHF and NexRad radars at different altitudes on 15 October 1998. The UHF radar reﬂectivity is
averaged over 5 gates, i.e. 1.500km, in order to be compared to the NexRad data whose beamwidth is 1.3km.
account to correct the reﬂectivity. Some spikes are observed.
The larger one is due to a helicopter that transports material
and ﬂew several times close to the NAIC site, while the other
spikes point out the presence of lightning radiation. At lower
altitudes, the non-stationarity of the noise may be due to in-
tense echo leakage over the frequency range.
5.2 Comparison between NexRad and wind proﬁler reﬂec-
tivities
The UHF beam is quite a 300m-diameter cylinder as the
radar works in near ﬁeld (Farley, 1983). The intersection
of the NexRad with the UHF beam is the intersection of a
vertical cylinder (UHF beam) and a portion of a cone with
its central axis at different elevations, 5.25◦, 6.2◦,7.5◦ and
8.7◦. Table 2 provides the altitude (MSL) of the central
beam and Table 1 gives the altitude of the UHF ST radar, i.e.
0.230km. For a given elevation at the NAIC site the altitude
range covered by the NexRad beam is 1.35km, correspond-
ing to 4.5 gates of the UHF ST radar; tests have be done
with 4 and 5 gates. Between the average over 3, 4 or 5 gates
the mean values of the UHF reﬂectivities obtained are very
close toeach other. The NexRad pulse length ﬁlls approxi-
mately the UHF beam but the uncertainty is the central point
of the NexRad sampling, i.e. the portion of the pulse inside
the UHF ST beam.
Figure 7 presents a comparison of the NexRad and UHF
corrected and uncorrected reﬂectivities. Some similar fea-
tures are observed. The differences are due to the relatively
small size of the cloud and the fact that from one scan to the
other the NexRad radar did not observed exactly the same
zone. At12.36kmthenumberofcommonobservationpoints
is scarce because it is the upper limit of the cloud.
Figure 8 presents the variation of the UHF relative reﬂec-
tivity as a function of the NexRad reﬂectivity. Looking for
the relation between the UHF ST radar and the NexRad radar
reﬂectivities we apply the same robust, least absolute devia-
tion method as in Sect. 4.1, we obtain:
ZUHF = 0.628Znx − 4.33, (10)P. Kafando and M. Petitdidier: Calibration of the UHF strato-tropospheric radar 4033
with M, the mean absolute deviation for each data-point in
the ZUHF direction, equal to 2.13dB.
Now we follow the approach given by Hocking et
al. (2001), then we obtain a relation between the correlation
factor go, and the errors related to each set of data.
0.628 ≤ go ≤ 0.730 (11)
with 0dB ≤ σZnx ≤ 2.75dB
and 2.06dB ≥ σZuhf ≥ 0.88dB. (12)
In comparison with the values obtained with the disdrom-
eter and the NexRad radar, the errors are smaller. That may
be due to a better adequacy between the UHF ST radar and
NexRad radar measurements. If we assume the errors equal
for both sets of data, the value of go is equal to 0.664 and
the error for each data set is around 1.73dB. The offset,
−4.33dB, is 0.01dB higher than in Eq. (10).
If we take the maximum value of go, i.e. 0.730, the offset
is equal to −5.17dB, i.e. 0.76dB lower than in Eq. (10). The
errors on the NexRad and the UHF ST radar data are equal
to 2.75dB and 0.88dB, respectively. On Fig. 8 these two
extreme values proposed for go are also plotted .
In conclusion, in the range of values of go the error on
the calibration of the UHF ST radar is of the order of 2dB,
similar to the maximum error on the UHF data.
6 Conclusion
A methodology has been developed to calibrate the UHF ST
radar at NAIC whose lowest observing altitude is above the
melting layer because classical calibration based on the ob-
served precipitation cannot be used. The methodology con-
sists of combining disdrometer and NexRad radar reﬂectiv-
ities and then of combining the NexRad and UHF ST radar
reﬂectivities.
The work ﬁrst investigated the quality of the calibration
of the Doppler weather radar, NexRad, located 76km apart
from the NAIC site. The radar reﬂectivities were compared
with the reﬂectivities retrieved from the disdrometer data ob-
tained at NAIC. In the case studied, we observe a fairly good
agreement between both sets of data. There is no system-
atic offset or it is very small. Using the approach of Hocking
et al. (2001) we found a range of values for the correlation
factor, go, going from 0.977 to 1.05. However, assuming a
coefﬁcient go equal to 1, the errors related of each set are
2.75dB and 4dB for the disdrometer and the NexRad radar,
respectively. These values may rather reﬂect the difference in
volume sampling and location. In conclusion, the calibration
of the NexRad radar is good enough to be used as a reference
for the UHF ST radar.
The ﬁnal step concerned the calibration of the UHF ST
radar. At ﬁrst, we take into account the variation of the sig-
nal attenuation determined by the noise power spectral den-
sity and then correct the signal from this effect. The reﬂec-
tivity of the UHF ST radar was compared with the NexRad
Fig. 8. UHF corrected reﬂectivities as a function of the NexRad
reﬂectivities for all 4 altitudes of Fig. 7. The two lines represent
the extreme values of the slope, go, assuming different values of the
errors, σ, on each data set, following the approach of Hocking et
al. (2001).
reﬂectivity at the 4 altitudes of common observations. We
obtain a relation between both radar reﬂectivities. The off-
set is about 4.7dB and the correlation factor varies between
0.628 to 0.730. The precision of the calibration is of the or-
der of 2dB related to the errors of comparing these two dif-
ferent techniques. UHF ST radar reﬂectivity, observed on 15
October 1998, is calibrated. Several issues arise from this
result. The calibration is only possible when hydrometeors
are present. Then the result of the calibration can be used
for other events, assuming that the transmitter power of the
radar is ﬁxed at the value of the calibration event. As a matter
of fact, the noise power spectral density will be compared to
the one used as a reference during the calibration event; the
UHF reﬂectivity is corrected and calibrated with the relation
obtained during the calibration event.
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